Study of the magnetic penetration depth in RbOs 2 Oe 
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Measurements of the magnetic field penetration depth A in the pyrochlore superconductor 
RbOs20e (T c ~ 6.3 K) were carried out by means of the muon-spin-rotation (piSR) technique. 
At low temperatures A~ 2 (T) saturates and becomes constant below T ~ 0.2T C , in agreement with 
what is expected for weak-coupled s-wave BCS superconductors. The value of A at T — was 
found to be in the range of 250 nm to 300 nm. /iSR and equilibrium magnetization measurements 
both reveal that at low temperatures A is almost (at the level of 10%) independent of the applied 
magnetic field. This result suggests that the superconducting energy gap in RbOs2C>6 is isotropic. 

PACS numbers: 74.70.Dd, 74.25. Op, 74.25. Ha, 76.75. +i, 83.80.Fg 



I. INTRODUCTION 

The discovery of superconductivity in pyrochlore re- 
lated oxides has attracted considerable interest in the 
study of these materials i2^i5i2iL2i However, till now 
there is no agreement about the nature of superconduct- 
ing pairing mechanism in these compounds. From the 
one hand, based on the results of the specific heat^ nu- 
clear quadrupole resonance (NQR) 10 and muon-spin ro- 
tation (/xSR) n i 12 experiments, Cd2Re207 is suggested to 
be a weak-coupled isotropic BCS superconductor. Spe- 
cific heatj£ pressure effect on the magnetic field penetra- 
tion depthii and nuclear magnetic resonance (NMR) 14 
measurements of RbOs 2 Og and the band structure cal- 
culations of KOS20& 15 also point to the conventional type 
of superconductivity. From the other hand, second criti- 
cal field i? C 2, 4 /iSR, 11 *^ and specific heali^ measurements 
suggest an unconventional type of paring in KOS2O6 and 
RbOs 2 6 . 

The magnetic field penetration depth A is one of the 
fundamental lengths of a superconductor. The temper- 
ature dependence A(T) reflects the quasiparticle density 
of states available for thermal excitations and therefore 
probes the superconducting gap structure. The shape of 
A(T) and the zero-temperature value A(0) provide infor- 
mation about the superconducting mechanism and set 
a length scale for the screening of an external magnetic 
field. In addition, the field dependence of A at low tem- 
peratures may reflect the anisotropy of the superconduct- 
ing energy gapiiiii In this paper, we report on magnetic 
field penetration depth measurements down to 30 mK 
in RbOs2 06 by means of the transverse- field muon-spin 
rotation (TF-/xSR) technique (see e.g. 01)- The temper- 
ature dependence of A -2 saturates at low temperatures 
and becomes constant below T ~ 0.2T C . This behav- 
ior agrees with what is expected for weak-coupled s-wave 



BCS superconductors. Measurements of the magnetic 
field dependence of A by means of TF-^SR and mag- 
netization reveal that at low temperatures A is almost 
field independent. This result suggests that the super- 
conducting energy gap in RbOs20g is isotropic. The ra- 
tio 2Ao/fcsT c was found to be in the range of 3.09-3.98, 
which is close to the weak-coupling BCS value 3.52. 

The paper is organized as follows: In Sec. |B] we de- 
scribe the sample preparation procedure and the TF-/iSR 
technique as a tool to measure the magnetic field pene- 
tration depth A. Sec. IIII Al comprises studies of the tem- 
perature dependence of A. In Sees. IIII Bl and IIII CI we 
discuss the calculation of the absolute value of A and its 
magnetic field dependence. In Sec. IIII DI results on the 
dependence of the zero-temperature superconducting gap 
An on the superconducting critical temperature and the 
magnetic field are reported. The conclusions follow in 
Sec. El 



II. SAMPLE PREPARATION AND 
EXPERIMENTAL TECHNIQUES 

A. Sample preparation 

Polycrystalline samples of RbOs20g were synthesized 
by a procedure similar to that described in Refs. |3l5l6| . 
A stoichiometric amount of OsC>2 (Alfa Aesar, 99.99%) 
and Rb2 (Aldrich, 99%) was thoroughly mixed in an 
argon filled dry box and pressed into pellets. The pel- 
lets were put to a quartz tube which was evacuated and 
sealed. The tube was heated up to 600°C and kept at this 
temperature for 24 h. According to the X-ray analysis, 
the resulting sample contained two phases, namely, py- 
rochlore RbOs206 and RbOs04. RbOsC-4 was removed 
after 2 h etching in a 10% solution of HC1 and sub- 
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sequent washing with water and drying at 100°C. The 
X-ray diffraction pattern of the post treated sample is 
shown in Fig. ^ where all reflections can be indexed on 
the basis of the pyrochlore cell with a lattice parameter 
a=10.1137(l) A. 
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FIG. 1: X-ray diffraction pattern of the RbOs206 sample 
synthesized in a quartz tube. All reflections are indexed 
on the basis of the pyrochlore cell with a lattice parameter 
a=10. 1137(1) A. 
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B. TF-/1SR 

The /iSR experiments were performed at the 7rM3 
beam line at the Paul Scherrer Institute (Villigen, 
Switzerland). The sample was field cooled from above 
T c to 30 mK in fields of 2.5 T and 1 T, and to ~1.6 K in 
a series of fields ranging from 5 mT to 0.6 T. We used the 
transverse field /iSR to probe the local magnetic field dis- 
tribution P(B) inside the superconducting sample in the 
mixed state. The second moment of P(B) is connected 
directly with the magnetic field penetration depth 

The fiSR signal was observed in the usual time- 
differential way by monitoring the positron rate from the 
H + decay as a function of the elapsed lifetime in the 
positron telescopes. The time dependence of the positron 
rate is given by the expression; 2 ^ 

= No-e-^ [1 + aP(t)} + bg , (1) 

at 

where No is a normalization constant, bg is a time- 
independent background, t p = 2.19703(4) x 10~ 6 s is 
the /x + lifetime, a is the maximum decay asymmetry for 
the particular detector telescope (a ~ 0.18 in our case) 
and P(t) is the spin polarization of the muon ensemble: 

P(t) = [ P{B) cos^fli + <j))dB . (2) 



FIG. 2: Typical internal field distributions measured by the 
/iSR technique inside the RbOs2 06 sample above (a) and be- 
low (b) T c after field cooling in a magnetic field of 0.5 T. 
Below T c the field distribution is broadened and asymmetric. 
The lines represent the best fit with Gaussian line-shapes. See 
text for details. 

Here P(B) is the field distribution inside a sample, 7^ = 
2ir x 135.5342 MHz/T is the muon gyromagnetic ratio 
and <f> is the angle between the initial muon polarization 
and the effective symmetry axis of a positron detector. 
To link Pit) and P(B) one can use the algorithm of Fast 
Fourier Transform or the direct least square fit of P(t) 
by the sum of precessions in discrete fieldsiSi 

Pit) = J2 A * cos( 7p £M + 0) , (3) 

i 

where Ai are varied and Bi are fixed with spacing AB > 
^/il^tmax), Unax ~ 10~ 5 s is the time window of the 
/iSR technique. 

Magnetic field distributions inside the RbOs20g sam- 
ple in the normal (7.5 K) and the mixed (1.55 K) states 
after field cooling in a magnetic field of 0.5 T obtained 
by the procedure J3Jl are shown in Fig. [5] In the nor- 
mal state, a single line at the position of the external 
magnetic field with broadening arising from the nuclear 
magnetic moments is seen. Below T c the field distribu- 
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tion is broadened and asymmetric. For a better visual- 
ization, the fit of P(B) by three Gaussian lines is rep- 
resented by dotted lines in Fig. [21 Two wide lines with 
the mean frequencies below the external field are used 
to describe the asymmetric line shape in the supercon- 
ducting part of the sample. The narrow line seen at a 
field a little bit above the external field suggests that 
part of the sample is in a normal state. The supercon- 
ducting volume fraction is estimated to be ~70 % close to 
the specific heat measurements^ performed on a similarly 
synthesized sample where the superconducting fraction 
was estimated about 80%. 

To obtain the second moment of the asymmetric field 
distribution in the superconducting state we used the 
procedure similar to Refs. |22Tl23| . All the /zSR spectra 
taken at T < 0.85T C where the three lines are resolved 
were analyzed by fitting a three component expression to 
the P(t) data: 

P(t) = A b exp(-a 2 t 2 /2) cos( 7A1 B b t + 0) 

2 

+ A.expi-aft 2 /2) cos( 7 ^ + 4>) , (4) 

i=l 

The first term with small a\, < 0.3 MHz and B b close to 
the applied field corresponds to the background muons 
stopping in parts of the cryostat and in the nonsupercon- 
ducting parts of the sample. The sum corresponds to the 
asymmetric field distribution inside the superconductor. 
At 0.85T C <T <T C the two broad lines [see e.g Fig. 10] 
responsible for superconducting state merge each other 
and the analysis is statistically correct for one supercon- 
ducting signal. At T > T c the analysis is simplified to 
the background term only with a b = cr nm ~ 0.1 MHz 
resulting from the nuclear moments of the sample. 

The superconductinq term in Eq. Q is equivalent to 
the field distribution: 

P W = 7p g -™P ^ 2^ J ■ (5) 

For this distribution the mean field and the second mo- 
ment aro 22 i 23 

(5)=Vi^- (6) 

2—1 

and 

< Ai?2 > = £ t4V [(^) 2 - [Bi - (B)] 2 ] ■ (7) 

f— * Ax + A2 

The extracted second moment of the magnetic field dis- 
tribution of the vortex lattice can be expressed in fre- 
quency units 

a sc = [^(AB 2 ) - a 2 nm ] 1/2 , (8) 



where a nrn is the additional broadening due to the nu- 
clear moments measured at T > T c . The absolute value 
of A is obtained from the relation 

ascitis- 1 ] =4.83xl0 4 (l-/i)[l + 3.9(l-/i) 2 ] 1/2 A- 2 [nm] , 

(9) 

(h = H/H C 2, and H C 2 is the second critical field), which 
describes the filed variation in an ideal triangular vortex 
latticed 

In separating P(B) in the signal from the supercon- 
ductor and from the background by means of Gaussian 
functions by Eq. a systematic error can occur. Part 
of the background signal may in fact be associated with 
the superconductor^ We can estimate this error on the 
assumption that the entire signal described by Eq. (J3J or 
Eq. 10} refers to the superconductor. In this case, the 
second moment of the whole P{B) spectrum is system- 
atically lower by 6.4% at B = 0.1 T, 5.4% at B = 0.5 T, 
5.5% at B = 1 T, and 10.1% at B = 2.5 T. This may 
result to the systematic increase of A by 3.2-5% respec- 
tively. 

III. EXPERIMENTAL RESULTS AND 
DISCUSSION 

A. Temperature dependence of A 
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FIG. 3: Temperature dependence of a sc oc A~ 2 of RbOs20e, 
measured in (from the top to the bottom) 0.1 T, 0.5 T, 1 T, 
and 2.5 T fields (field-cooled). The inset shows the low- 
temperature region between K and 1.25 K. The constant 
(within the error bars) a S c{T) oc A~ 2 suggests that RbOs20e 
is a weak-coupled BCS superconductor. Lines represent fit 
with the expression for the weak-coupling BCS model given 
in Eq. fTO . 

In Fig. |31 the temperature dependences of a sc oc A~ 2 
for vqH = 0.1 T, 0.5 T, 1 T, and 2.5 T are shown. For 
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/Jo-ff =1 T and 2.5 T, <r sc {T) was measured down to 
30 mK. It is seen that below 1.3 K (see inset in Fig- 
A~ 2 (<t sc ) is temperature independent. The experimental 
points are well fitted with o~ sc (T) = const. Note that the 
constant value of A at low temperatures is predicted by 
the BCS model for weak-coupled superconductors^ The 
solid lines in Fig. |3| represent fit with the weak-coupling 
BCS models 2 ! 
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Here, / = [1 + exp(E/ksT)] 1 is the Fermi function, 
A(T) = A A(T/T C ) represents the temperature depen- 
dence of the energy gap, ks is the Boltzman constant, 
and Ao is the zero temperature value of the supercon- 
ducting gap. For the normalized gap A(T/T C ) values 
tabulated in Ref. [2y] were used. The data in the Fig. 
were fitted with er sc (0) and Ao as free parameters, and 
T c fixed from the corresponding field-cooled magnetiza- 
tion (Mpc) measurements. T c was obtained from the 
intersection of the linearly extrapolated M F c(T) curve 
in the vicinity of T c with the M = line (see inset in 
Fig. 0. All the present results of A(T) for RbOs 2 06 are 
summarized in Table [I] 

TABLE I: Summary of the A(T) results (see text for details). 



a H 
(T) 



(K) 



Ao 
(meV) 



2A /k B T c 



<r sc (0) 



A(0) 
(™) 



0.1 6.24(3) 1.07(4) 3.98(16) 

0.5 6.00(4) 0.93(3) 3.60(12) 

1 5.59(2) 0.80(3) 3.32(12) 

2.5 4.36(2) 0.58(5) 3.09(27) 



1.579(11) 254(1)° 258(1^" 
1.254(10) 270(2)° 290(1)'' 
1.197(8) 254(2)° 295(2) ft 
0.797(8) 232(7)° 355lA) b 



e.g. [23). Thus, the observation of nearly the same tem- 
perature dependences of A measured in different fields 
is an additional argument pointing to the conventional 
character of superconductivity in RbO^Og. 




FIG. 4: Normalized superfiuid density A~ 2 (T)/A~ 2 (0) = 
(Tsc(T) /a ac (0) versus the reduced temperature T/T c for 0.1 T, 
0.5 T, 1 T, and 2.5 T. The solid line represents the fit of the 
1 T ^SR data with Eq. JTul . 

To summarize, in the whole temperature range (down 
to 30 mK) the temperature dependence of A is consistent 
with what is expected for a weak-coupled s-wave BCS 
superconductor. The shape of A(T) is almost indepen- 
dent on the magnetic field. 



a H c2 (0) taken from the WHH model 

b H c 2(0) taken from the fit of H C 2(T) by means of the power law 

In order to compare A(T) obtained in different fields 
(0.1 T, 0.5 T, 1 T, and 2.5 T) the normalized super- 
fluid densities A^ 2 (T)/A" 2 (0) = a(T) sc /a(0) sc versus 
the reduced temperature T/T c are plotted in Fig. 21 
All A(T) collapse almost on one curve, indicating that 
the temperature dependences of A -2 measured at differ- 
ent fields are nearly the same. This is in contrast to 
unconventional superconductors, as e.g. cuprate high- 
temperature superconductorsjiii£i2§i2! or the two-gap 
BCS-type MgB2 superconductor^ where the shape of 
the temperature dependence of A -2 varies with magnetic 
field. In cuprates, for example, this behavior can be ex- 
plained by the different type of symmetry of the wave 
function at the surface and in the bulk ( see e.g. [2!|). 
In MgB 2 the field dependence of A is explained by the 
fast suppression of the 7r band by the magnetic field (see 



B. The Zero Temperature Value of A 

To calculate the absolute value of A(0) from a sc (0) one 
needs to know the zero temperature value of the second 
critical field H c2 (0) [see Eq. ©] . For this reason H c2 (T) 
was extracted from the Mpc{T) curves measured in con- 
stant magnetic fields ranging from 0.5 mT to 6 T (see 
Fig. [5J. For each particular field H the corresponding 
T C (H) was taken as the temperature where H = H C 2(T = 
T c ) (see inset in Fig-EJl . H C 2 depends almost linearly on T 
with some sign of saturation below 2.5 K. Note that a lin- 
ear H C 2{T) behavior was also observed in Cd2Re207^i 
and recently in RbOs 2 06r*£ an d in KOs20g^ pyrochlorc 
superconductors. In the conventional BCS picture, H C 2 
is linear in T near T c q [T c q — T C (H — 0)] and saturates 
by approaching K. The absolute value of H C 2(0) can 
be obtained by using the Werthamer-Helfand-Hohenberg 
(WHH) formula 32 proposed for a weak-coupling super- 
conductor: H c2 (0) = 0.693(-diJ c2 /dT)| T=Tc0 . The 
linear fit in the vicinity of T c q yields dfj,oH C 2/dT = 
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-1.37(4) T/K and T c0 = 6.32(19) K. The correspond- 
ing value of /i Oj ffS' HH (0) was found to be 6.00(25) T. 
The dashed line in Fig. is the theoretical H c2 (T) curve 
obtained from the WHH model in the orbital limit. 5 
At high temperatures (above ~3.5 K) the WHH line 
agrees rather well with the experimental data. How- 
ever, at lower temperatures the experimental points no 
longer follow the WHH curve, suggesting that the ac- 
tual value of H c2 (0) is slightly larger than £f^ HH (0). A 
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FIG. 5: H C 2 vs T obtained from Mfc{T) measurements (see 
text for details). The dotted line is H C 2(T) obtained from 
the WHH model. The solid line is the fit with the power law 
H c2 (T)/H c2 {0) = 1 - (T/T c0 ) n with the parameters listed 
in the text. The inset shows Mfc vs T dependences after 
substraction of the small paramagnetic background: from the 
left to the right fi H = 4.6 T, 3.4 T, 2.2 T, 1 T, and 0.01 T. 

power law fit H c2 {T) / H c2 (0) = 1 - (T/T c0 ) n (solid line) 
gives an exponent n = 1.17(5), T c o = 6.33(1) K, and 
Moff£ L (0) = 7.25(19) T. The values of A(0) calculated 
with H c2 (0) obtained from the WHH model and from the 
fit with the power law are summarized in Table [I] Finaly, 
the representative range for A(0) in RbOs206 obtained 
from the /iSR experiments is 250-300 nm in agreement 
with the low-field magnetization measurements^ 



C. The field dependence of A 

It is now well established that not only the temperature 
behavior, but also the field dependence of A is completely 
different for conventional BCS-type and unconventional 
superconductors^^ By analyzing \{H ) in different su- 
perconducting materials, it was concluded that in super- 
conductors associated with an anisotropic energy gap A 
increases almost linearly with the fieldiii This effect was 



explained by the Doppler shift of the quasiparticles mo- 
mentum in the gap nodes^ii£ It was also shown that in 
unconventional superconductors the slope 

_ d[AQ)/A(0)] ^ 
dh 

(h = H/H c2 ) lies in a range of 1 to 6, while it is close to 
zero for superconductors with the isotropic energy gap^i 
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FIG. 6: Magnetic field dependence of a 3C for RbOs206 mea- 
sured at T —1.6 K. Each point was obtained after field-cooling 
the sample from a temperature above T c . The solid line is ob- 
tained from Eq. 10 with the parameters written in the text. 
The inset shows A (1.6 K) as a function of h — H/H C 2- 

In order to obtain the field dependence of A, a sc 
was measured as a function of the magnetic field (see 
Fig. [fJJl. Each point was obtained by field-cooling the 
sample from a temperature well above T c to 1.6 K. The 
value of a sc (H, 1.6 K) increases almost linearly up to 
75 mT; goes through a pronounced maximum around 
0.1 T and then starts to decrease from 1.65 //s" 1 at the 
peak position to 0.67 /Lis" 1 at 2.5 T. The solid line is 
the theoretical a sc (H) dependence obtained by means 
of Eq. © with (i H c2 (1.6 K)=5.80(2) T [taken from 
the H c2 (T) curve given in Fig. [S], and the field inde- 
pendent A(1.6 K)=2Q2 nm. Above ~ 0.2 T there is 
quite a good agreement between theory and experimen- 
tal data. The deviations at lower fields are most proba- 
bly determined by the distortion of the vortex lattice in- 
duced by pinning. A similar peak (followed by a plateau 
at high fields) is usually observed in high-temperature 
superconductors 

The inset in Fig. shows the A vs. h for [IqH > 0.2 T 
at T = 1.6 K. A linear fit yields 77(1.6 K)= -0.10(5). 
The observation of a small r\ suggests that RbOs2C>6 is 
a superconductor with an isotropic energy gap (see e.g. 

El). 
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FIG. 7: The magnetic field dependence of the penetration 
depth A of RbOs206 at T = 1.75 K, extracted from the mea- 
surements of the equilibrium magnetization (M eq ) shown in 
the inset. The solid line is the linear fit in the field region 
0.6 T - 4.8 T. 



D. Dependence of the zero-temperature 
superconducting gap Ao on the critical temperature 
and the magnetic field 
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We also performed additional A vs. H experiments 
based on measurements of the equilibrium magnetization 
M eq . Following Kogan et al. [35j one can write: 



dM 



eq 



dlnff 



(12) 



This is the consequence of the London equation predict- 
ing that in type-II superconductor with zero pinning, the 
magnetization is proportional to A~ 2 lniJ. Note that 
Eq. 1)12(1 is valid only in the intermediate field region 
H c i <C H < H c2 (here H cl is the first critical field) iS4 
To avoid the "pinning" problem, M eq (H) was taken from 
field-cooled measurements M eq (T, H) = Mpc(T, H) (see 
inset in Fig. 0. As shown above in our sample pin- 
ning (maximum in Fig. E| is suppressed at fields above ~ 
0.2 T. The A vs. H dependence, reconstructed by means 
of Eq. (IT21) and using the values of M eq (H) at T = 1.75 K 
is shown in Fig. [7J Because it is not possible to calculate 
the absolute value of A from Eq. (|12|) , data in Fig. are 
scaled to the /zSR value of A(1.75 K) at fi H =1 T. It 
is seen that between 0.6 T and 4.8 T the A vs H depen- 
dence is almost flat. A linear fit of the data in this field 
range yields a slope r/ = —0.07(2), in agreement with the 
r\ value obtained from the /iSR experiment. 

To summarize, the magnetic penetration depth A mea- 
sured at low temperatures was found to be almost (within 
the accuracy of 10%) field independent. This suggests 
that the superconducting energy gap in RbOs2 0g is 
isotropic. 



FIG. 8: Ao vs. T c in RbOs206- The solid line represents the 
universal BCS line with 2A /k B T c = 3.52. 

Bearing in mind that the critical temperature T c is a 
function of the applied magnetic field, in Fig.[S]the zero- 
temperature superconducting gap Ao (obtained from fits 
of the A _2 (T) data shown in Fig. El) ar e plotted as a func- 
tion of T c . In addition we also include in this graph the 
value Ao(0.5 mT)=1.02(2) meV obtained from the mag- 
netization measurements^ The solid line represents the 
universal BCS line with 2Ao/ksT c = 3.52. It is seen that 
the experimental points are located close to the BCS line. 
However, at high and at low temperatures the data sys- 
tematically deviate from the simple BCS line, suggesting 
that the ratio 2Ao/A:_bT c is field dependent as demon- 
started in Fig. El It is worth noting that for conventional 
bulk superconductors the ratio 2Ao/ksT c is field inde- 
pendent, while in thin films and in granular materials 
the dependence is quite strongi24 For the thin films of 
Sn, Pb and I n 37 ; 38 it was experimentally observed that 
at the low temperatures the magnetic field dependence 
of the BCS ratio follows the empirical relation: 



2A Q (H) 2A o (0) 



k B T c {H) k B T c (0) 



1 - (H/H c2 f 



(13) 



where 2A (0)/fc B T c (0) is the BCS ratio at zero field. The 
shadowed region in Fig. represents the results of cal- 
culations by means of Ea.lT3lwith 2A (0)/fc B T c (0)=3.72 
and assuming that H c2 (0) lies between the values ob- 
tained from the WHH model and from the fit with the 
power law (see Sec. IIII B|) . The field dependence of the 
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FIG. 9: Field dependence of the BCS ratio 2A /k B T c . The 
shadowed region represents the 2Ao(-ff)/fc_gT c (_ff) obtained 
from Eq. with H^™(0) < H c2 (0) < H^(0). 



The main conclusions are: (i) The absolute value of A at 
zero temperature obtained from fiSK experiments is in 
the range from 250 nm to 300 nm. (ii) In the temperature 
region down to 30 mK the temperature dependence of A 
is consistent with what is expected for a weak-coupled 
s-wave BCS superconductor, (iii) The shape of A(T) is 
almost independent of the magnetic field, (iv) The value 
of the zero-temperature superconducting gap decreases 
with increasing magnetic field (decreasing of T c ). The 
ratio 2Ao/fcsT c was found to be in the range of 3.09- 
3.98 close to the weak-coupling BCS value 3.52. (v) The 
/iSR and the equilibrium magnetization measurements 
both show that at low temperatures the magnetic pene- 
tration depth A is almost (within the accuracy of 10%) 
field independent, in agreement with what is expected 
for a superconductor with an isotropic energy gap. To 
conclude, all the above mentioned features suggest that 
RbOs206 is a weak-coupled BCS superconductor with an 
isotropic energy gap. 



energy gap may be explained if one assumes that the elec- 
trons moving close to the surface contribute less to the 
pairing energy^ This may result to the decrease of the 
energy gap with increasing the magnetic field. 

To summarize, the ratio 2AQ/kgT c is found in the 
range of 3.09-3.98 close to the weak-coupling BCS value 
3.52. The field dependence of this ratio can be explained 
by the finite size of the individual grains of the sample. 

IV. CONCLUSIONS 

Muon-spin rotation and magnetization studies were 
performed on the pyrochlore superconductor RbOs206- 
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